A cute respiratory failure (ARF) is a leading cause of intensive care unit (ICU) admission and both short-and long-term mortalities.
morbid condition and concluded that COPD is an independent risk factor for increased morbidity and mortality. [7] Although the need for ICU admission due to ARF is increasing, there are limited data regarding comorbidities and their effects on long-term mortality after ICU discharge. In the present study, we aimed to investigate the effect of comorbidities and identify long-term mortality predictors of acute problems.
Methods
This retrospective, observational, cohort study was conducted in a 22-bed, level III ICU of a tertiary teaching hospital for chest diseases and thoracic surgery over a 12-month period between January and December 2012, approved by the local Ethics Committee of Istanbul Medeniyet University School of Medicine in Istanbul, Turkey. It was conducted in accordance with the ethical principles stated in the Declaration of Helsinki. [8] Informed consent could not be obtained due to the retrospective design.
Patients
All patients who admitted to the respiratory ICU due to ARF during the study period were included in the study. The patients were divided into two groups according to mortality during and after their time in the ICU, and patients were further subdivided into two groups based on 12-month mortality. The data were compared as survivor and nonsurvivor groups.
Data
Patient demographics; diseases underlying ARF; and comorbidities such as COPD, DM, hypertension, coronary artery disease, malignancy, cerebrovascular event, and renal failure were recorded from the patients' ICU files. We determined the patients' pre-ICU condition and where they were admitted from (home, emergency department, or ward). The lengths of stay (LOS) in the hospital and ICU, long-term oxygen therapy (LTOT), and long-term non-invasive mechanical ventilation (NIMV) or invasive mechanical ventilation (IMV) through tracheostomy at home were recorded. The Acute Physiological and Chronic Health Evaluation (APACHE II) score was calculated as an ICU severity index. [9] Arterial blood gas (ABG) values, serum biochemical values, complete blood counts, C-reactive protein (CRP) level, and presence of infection as sepsis and septic shock were noted. Mortality after ICU discharge was recorded from the online deceased declaration system. [10, 11] Sepsis was defined as the presence of infection together with systemic inflammatory response syndrome, and septic shock was diagnosed in patients who were unresponsive to fluid resuscitation and required vasopressor agents. [12, 13] COPD was defined as the presence of dyspnea, chronic cough, sputum associated with exposure to organic or inorganic dust, chemicals, or cigarette smoking, and airway obstruction on spirometry (forced expiratory volume in 1 s [FEV1] <70%). [6] 
Definitions

Mechanical Ventilation
NIMV was initially applied to all patients with ARF if there were no contraindications and they were hemodynamically stable, cooperative, had no organ failure other than respiratory failure; their ABG analysis revealed pH=7.28−7.34, PaCO 2 =45−90 mmHg, and PaO 2 /FiO 2 >200, and their Glasgow coma scale was >3 due to hypercapnic confusion. NIMV was applied by a specialized ICU team including nurse and seven pulmonologists. NIMV absolute and relative contraindications were as follows: (1) Respiratory arrest and unable to fit mask and (2) Medically unstable (hypotensive shock, uncontrolled cardiac ischemia or arrhythmia, and uncontrolled copious upper gastrointestinal bleeding), agitation, uncooperativeness, inability to protect airway, impaired swallowing, excessive secretions not managed by secretion clearance techniques, multiple (two or more) organ failure, or recent upper airway or upper gastrointestinal surgery. [10, 11, 14] NIMV was provided in pressure assist-control mode with ICU mechanical ventilators through a double-tube circuit with a full-face or oronasal mask. Pressure support (PS) was initially set at 8-10 cm H 2 O and gradually increased to a maximum of 30 cm H2O until the exhaled tidal volume was 5-7 mL/ kg and guided by patient tolerance. Positive end-expiratory pressure (PEEP) was set at 5 cm H 2 O and raised or lowered gradually to treat hypoxemia or enhance patient compliance. FiO 2 was adjusted to maintain oxygen saturation (SaO 2 ) at 90%. NIMV was applied intermittently for 1-4 h, and initial ABG samples were obtained at the end of the 1 st h. The duration of each session was determined by ABG value improvement, consciousness level, and patient compliance. The definition of NIMV failure in hypercapnic patients was no pH improvement, no change or a rise in breathing frequency after 1-2 h, and lack of cooperation. For hypoxic patients, failure was considered as no or a minimal rise in PaO 2 /FiO 2 after 1-2 h (<200). [10] IMV was applied in the presence of absolute or relative contraindications for NIMV, as mentioned above. IMV was ap-plied by assist control ventilation in pressure control mode. Inspiratory pressure was set for a target tidal volume of 5-7 mL/kg ideal body weight (airway plateau pressure <30 cm H 2 O) under a sedation protocol. The Richmond AgitationSedation Scale was used for infusion and assessment of the daily need for sedation. [15] When patients met the previously described criteria for weaning, the PS ventilation mode was used and gradually decreased (1-2 cm H 2 O every 1-2 h). [16] When the PS reached 8-10 cm H 2 O and PEEP was 0 or <5 cm H 2 O, the patient progressed to spontaneous breathing trials using a T-piece with oxygen support (trial duration of 30 min). NIMV was applied in cases of moderate respiratory distress after extubation if there was no contraindication. Glucose level was measured with an Accu-Chek device (Roche/Hitachi, Basel, Switzerland). Hypoglycemia was defined as glucose ≤70 mg/dL, hyperglycemia ≥100 mg/dL, and normoglycemia 70-100 mg/dL. DM was defined as fasting blood glucose ≥126 mg/dl. The glucose level in critically ill patients was targeted between 140 and 180 mg/dL.
Statistical Analysis
Descriptive analyses were performed to compare demographic and ICU data. Groups were compared with MannWhitney U-tests for non-parametric continuous variables and Student's t-tests for parametric and continuous variables. Chi-square tests were employed for dichotomous variables. The median with interquartile range or mean±s-tandard deviation is reported for non-parametric continuous or parametric continuous variables, respectively. Count and percentage were used when applicable. Kaplan-Meier survival analyses were carried out to predict long-term mortality after ICU discharge. Cox regression analyses were performed to predict long-term mortality risk factors. We included variables that were statistically significant following univariate analyses of survival and non-survival in patients following ICU discharge. P<0.05 was considered as statistically significant. Data were analyzed using Statistical Package for the Social Sciences software (SPSS version 20.0; IBM, Armonk, NY, USA).
Results
Patients' Characteristics and Comorbidities
A total of 1022 patients were admitted to the ICU with ARF during the study period, and 809 patients (291 females) survived and were discharged (Fig. 1) . The overall ICU mortality rate was 20.8%, and the 12-month mortality rate was 51.9%. COPD was the most frequent comorbidity in both the survivors and non-survivor groups (50.6% vs. 38.0%), but the prevalence of COPD in the survivors group was 75% higher than that in the non-survivors group (Table 1) . Among patients who died in the ICU, malignancy was the second most common comorbidity after COPD. The frequency of malignancy was nearly three-fold in the non-survivor group (28.2% vs. 10.6%). The percentage of patients who were previously using home devices (LTOT and NIMV) was significantly higher in the survivor group (46.1% vs. 34.9%, p=0.004, and 23.8% vs. 12.0%, p<0.001 respectively) ( Table 1 ).
There was no difference in sex ratio or mean body mass index between the two groups. Except COPD and malignancy, there were similar ICU mortality rates with regard to comorbidities. Patients who had previously used home ventilation devices (LTOT and NIMV) were predominantly in the survivor group (46.1% vs. 34.9%, p<0.01, and 23.8% vs. 12.0%, p<0.001, respectively) ( Table 1) . Frequent ICU admissions in the previous year were higher in the non-survivor group.
ICU Data
Non-survivors had significantly higher APACHE II scores and were more likely to be invasively ventilated than survivors (Table 2) . Patients who survived were mostly treated with NIMV (67.1%). LOS in the ICU was similar in the two groups, and there were no differences in ABG values ( Table  2 ). Among the hematological and biochemical parameters, CRP, white blood cell, blood urine nitrogen, serum creatinine, aspartate transaminase, and alanine transaminase were significantly higher in the non-survivor group, but albumin was significantly lower ( Table 2) .
On ICU admission, the mean APACHE II scores in the COPD and non-COPD patients were 19±7 and 19±6, respectively. Among patients who did not survive, the mean APACHE II scores on ICU admission were 27±7 and 30±9 in the COPD and non-COPD patients, respectively.
Long-term Mortality
Mortality was significantly higher among older patients (p<0.001, Table 3 ). Among the comorbidities assessed, malignancy was 3 times higher in the non-survivor group (15.7% vs. 5.1%, p<0.001). Nearly half of the patients in this group previously had a LTOT device at home (52.3%). Patients more frequently admitted to ward and ICU had worse outcome (Table 3) . Patients in both the groups spent the same mean number of days in the ICU. Except protein and albumin levels, all serum biochemical and hematological values were similar.
Kaplan-Meier curves were generated to assess 2-year survival after ICU discharge, and nearly half of the deaths occurred within 5 months (Fig. 2) . Patients with COPD had a better prognosis (Fig. 3 ), whereas those with malignancy lived significantly shorter after ICU discharge (Fig. 4) .
The Cox regression analysis results of mortality after discharge from ICU are shown in Table 4 . Malignancy was found to be a significant risk factor for long-term mortality. Similar to malignancy, older age also found to be associated with worse outcome. COPD was a protective factor for short-term mortality.
Discussion
The results of the present study demonstrate that nearly half of patients with COPD survived >12 months after discharge from the ICU. COPD was associated with better survival than other comorbidities. Half of all mortality occurred in the first 5 months after discharge, and patients with malignancies had worse prognoses. DM, hypertension, coronary artery disease, cerebrovascular event, and chronic renal failure did not affect short-or long-term mortality. 
Comorbidities
COPD Mortality in the ICU
Studies investigating hospital mortality of COPD patients have reported a wide range of mortality rates from 11% up to 48%. [17, 18] Williams et al. performed a prospective cohort study of 19.921 patients who were followed for 15 years and demonstrated that age, comorbidity, and critical illness type all influenced long-term survival after ICU discharge. [19] Funk et al. [7] investigated the long-term mortality (10 years) rate of patients with and without COPD after ICU stays. They compared patients in whom COPD was either a comorbid disease or the reason underlying ARF and determined that COPD was an independent risk factor for mortality. In the 1 st month after ICU admission, the probabilities of mortality were 22%, 19%, and 12% in patients who were admitted with ARF due to COPD, those with comorbid COPD, and those without COPD, respectively. [7] The present study showed that patients who survived were more likely to have COPD as a comorbid disease compared to non-survivors. Our results also demonstrated that survivors were predominantly using home ventilation devices; therefore, it is possible that the longer survival of COPD patients was associated with NIMV and LTOT use at home. The overall ICU mortality of COPD patients was 16.5%, which is consistent with the lower end of results reported by other groups. Alaithan et al. [20] reported a low ICU mortality rate of 6%, but their patient population had lower APACHE II scores (mean of 17). In the present study, the median APACHE II scores in the survivor and non-survivor groups were 19 and 27, respectively. Still, our survival rates were higher than those reported by Raurich et al. and Ai-Ping et al. (26% and 24%, respectively). IMV was the most used ventilation type among non-surviving COPD patients in those studies. [17, 21] In our patient population, NIMV was predominantly implemented for respiratory support management, and it is possible that this was associated with increased survival.
COPD short-and Long-term Mortality After ICU Discharge
Previous studies have shown that NIMV increases shortterm survival in COPD patients with ARF. [22, 23] Similarly, previous utilization of LTOT and NIMV was approximately 76% and 52% higher, respectively, in ICU survivors in the short term. Williams et al. [19] assessed a large series of survivors after ICU admission and found that the risk of death was highest in the first 12 months, and it was greater than the general population for 14 years (although it stabilized after the first 12 months). A Spanish population-based study of 20.571 participants carried out by Garcia-Aymerich et al. [24] revealed that hospitalizations for COPD increased a subsequent mortality for the median 10-year follow-up period, regardless of the level of lung function impairment. A Danish study reported a 36% 12-month mortality, and an American multicenter study described a 43% rate in the same time period, with roughly half of the patients being readmitted within 6 months. [25, 26] In the present study, the 12-month mortality rate was 51.9% and half of all deaths occurred in the first 2 months following ICU discharge.
DM
Diabetic patients are more likely to develop complications in the ICU, but their mortality risk is not increased. [27] Despite a variable range of blood glucose cutoff values in different studies, the mortality rates of ICU patients with DM were lower compared to non-diabetic patients in the higher mean glucose range. [28] [29] [30] [31] Moreover, some authors concluded that high glucose variability in non-diabetic ICU patients is more harmful than diabetes itself. [32, 33] This could be because high blood glucose levels for reasons other than diabetes, for example, sepsis are associated with poor ICU prognosis. According to the 2008 worldwide Surviving Sepsis Campaign, sepsis management protocols achieved tight blood glucose levels, and the normoglycemia in intensive care evaluation-survival using glucose algorithm regulation study showed that safe blood glucose levels were <180 mg/dL. [34, 35] In a recent trial, Sechterberger et al. retrospectively analyzed data from 10.320 patients and found that DM affects the association between three of four measures of glycemic control and ICU mortality. They also identified associations between ICU mortality and mean glucose and high glucose variability in the non-DM cohort but not the DM cohort, whereas hypoglycemia (≤2.2 mmol/L) was associated with ICU mortality in both. [36] In the present study, DM was not associated with a higher long-term mortality rate.
Cardiovascular Diseases
There are limited data regarding the long-term mortality of patients with ARF with comorbid cardiovascular conditions including hypertension, coronary artery disease, or arrhythmias. In the present study, neither hypertension nor coronary artery disease was significantly associated with ICU or long-term mortality. This is likely related to advances in the treatment of cardiovascular diseases. However, patients with chronic respiratory failure who use LTOT and NIMV may have additional cardiovascular diseases. Arrhythmias deteriorate with the presence of chronic hypoxemia, and this can negatively affect long-term survival.
Malignancy
Previous studies reported a range of inhospital mortality rates between 22% and 85% in patients with lung cancer. [37] [38] [39] [40] [41] [42] [43] Nearly 1% of hospitalized patients with solid organ tumors experience ARF. [44] Roques et al. [42] reported ICU, hospital, and 6-month mortality rates of 43%, 54%, and 73%, respectively. The authors found that the presence of respiratory failure and poor performance status increased 6-month mortality by nearly 3.5 fold, including the need for mechanical ventilation. In the present study, patients with malignancies had a higher mortality rate in the 12 months after ICU discharge (77%), with nearly half dying within 2 months and 90% dying within 5 months.
In our study, patients using NIMV and LTOT were more likely to survive than those who did not in short term. The reasons for ICU admission among those patients were underlying chronic respiratory diseases, and the mortality rates of these diseases are not high. However, patients using NIMV and LTOT for long periods of time (12-month) had significantly shorter survival times. This is expected because NIMV and LTOT are prescribed for end-stage chronic respiratory failure diseases including bronchiectasis, restrictive lung diseases, COPD, and lung cancer on the purpose of palliative care.
Limitations
There are several limitations of the present study. First, it was a retrospective analysis conducted in a single center. However, we included a large number of patients who were followed 24 h a day by an ICU team that included seven pulmonologists. Second, our findings cannot be generalized to all other ICU patients since the study was carried out in a respiratory-based medical ICU. Still, the results of this study are useful for providing information about respiratory-originating ICU patients. Third, comorbidities were recorded from patients' files and during follow-up, so it is possible that additional comorbidities were underdiagnosed.
The strength of this study is that the mortality rates were determined using data from an electronically controlled system. As such, there was no case loss in the follow-up period.
Conclusion
The most remarkable finding of this study was that half of patients died within 12 months and half of the deaths occurred in the first 5 months after discharge. This could be valuable information for both physicians and patients' family members. In this respect, respiratory ICU patients should be followed up closely after discharge due to the high risk of mortality. We found that the presence of malignancy was associated with worse long-term outcome after ICU discharge. Interestingly, COPD predicted better ICU survival than other comorbidities including DM, hypertension, coronary artery disease, cerebrovascular event, and chronic renal failure, which did not affect short-or long-term survival. Although the present results cannot be generalized to other types of ICU patients, future studies should investigate long-term survival predictors in medical, surgical, and obstetrical ICU patients.
